ABSTRACT A detailed analysis of risk factors for the development of sensorineural hearing loss (SNHL) was carried out in 199 forest workers. The hearing threshold of both ears at 4000 Hz was measured, and the effect of age, exposure to noise, blood pressure, presence of vibration induced white finger (VWF), tobacco smoking, plasma LDL-cholesterol concentration, and consumption of drugs were evaluated by multiple linear regression analysis. Aging was the major risk factor, followed by exposure to occupational noise and the presence ofVWF. Plasma LDL-cholesterol concentration and the use of antihypertensive drugs also correlated significantly with SNHL. These main factors were able to explain about 28% of the SNHL variance. Additional factors in the analysis, including smoking, systolic and diastolic blood pressure, and consumption of salicylates did not significantly contribute to the genesis of SNHL.
Despite the careful application of the equal energy principle in the analysis of populations exposed to noise, variability in the development of sensorineural hearing loss (SNHL) is a dominant feature. Whereas the hearing of some people is resistant to the harmful effect of noise, some are exceptionally vulnerable. It has been suggested that this individual resistance against occupational noise depends on heredity, diet, pigmentation, drugs, blood pressure, non-occupational exposure to noise, etc."A Recently we have shown a link between vibration induced white finger (VWF) and SNHL56 suggesting that factors disturbing the peripheral circulation may influence cochlear function and hearing. The relative role of different factors in the genesis of SNHL is, however, poorly understood.
In the present study we have examined a population of workers exposed to noise and vibration. The purpose of the study was to evaluate the relative importance of selected risk factors in the aetiology of SNHL.
Subjects and methods
The investigation was carried out in 1986 in connection with a compulsory health survey in the county of Suomussalmi in north eastern Finland. The population in this area was stable and we have followed up Accepted 4 July 1988 these workers since 1972 in a longitudinal survey.7 All the professional forest workers of the major employing company (National Board of Forestry) took part in the study. During a physical examination the ears were inspected, and workers with bilateral middle ear disease were excluded from the study. The study comprised altogether 199 professional forest workers. Their mean age was 43-1 years (range and mean exposure to chain saw noise was 15-370 hours (range 0-32 200).
Hearing was tested in an acoustically treated but non-isolated room after absence of occupational exposure to noise for 15 to 48 hours using a pure tone audiometer (Maico . A more detailed discription of the threshold evaluation is given elsewhere.89 For the characterisation of individual SNHL mean hearing threshold at 4000 Hz was used. In cases of unilateral ear disease the hearing ofthe healthy ear was used.
A history of work habits (daily chain saw operating hours, alternative working tasks) were obtained annually during a longitudinal survey to get an estimation of exposure. The use of earmuffs, a history of vibration syndrome, and smoking habits were also recorded. Subjects were divided into six categories depending on the extent of their smoking.9 If more than ten years had passed since giving up smoking the subject was classified as a non-smoker.
A cbmplete medical examination was performed. 
PERIPHERAL VASCULAR DISTURBANCES
The vascular component of the vibration syndrome, known as VWF, correlated significantly with SNHL at 4000 Hz (r = 0-201, p < 0-01). When the subjects with VWF were removed, the average gain in age corrected hearing loss at 4000 Hz was 1 5 dB.
SERUM LIPID CONCENTRATION
We found a significant correlation between serum LDL-cholesterol level and SNHL (r = 0155, p < 0 05). Removal of subjects with raised LDL-cholesterol improved the average age corrected SNHL at 4000 Hz with 0-5 dB (fig 2) .
SALICYLATES
The effect ofsalicylate consumption on SNHL was not significant (r = 0 100, p = NS). When heavy users of salicylates (50 tablets or more a year) were removed from the group, the age corrected hearing was improved by 0 9 dB (fig 3) .
SMOKING
Smoking was not significantly correlated with SNHL at 4000 Hz (r = 0 100, p = NS). When smokers were removed the average age corrected hearing level at 4000 Hz improved by 0 4 dB (fig 4) .
BLOOD PRESSURE
Neither the systolic (r = 0-029, p = NS) nor the diastolic blood pressure (r = 0-046, p = NS) correlated with SNHL. The increase in diastolic blood pressure explained only 0 1 dB of the reduction of the age corrected hearing level ( fig 5) . We found a positive correlation between treatment of antihypertensive drugs and SNHL (r = 0165, p < 0 05). Possibly, therefore, the lack of an association between raised blood pressure and SNHL was masked by treatment. When the subjects with antihypertensive treatment were removed, the mean age corrected hearing level was improved in the remaining subjects by 1 0dB. Figure 6 gives the mean age corrected audiogram for the group at frequencies of 500-4000 Hz after stepwise elimination of subjects owing to different risk factors. Removal of the different risk factors described above improved the average age corrected hearing level at 4000 Hz by 2-9 dB. At 200 Hz the improvement was 16 dB.
Discussion
In Finland noise induced SNHL is the leading occupational hazard in the 1980s and accounts for about 2000 new cases annually-that is, 0-1% of the working population. In the present study we compared our noise exposure data with population data on normal hearing reported by Robinson and Sutton." " According to Robinson it is not generally realistic to compare the hearing of a noise exposed population with an age matched "otologically normal" baseline, since the noise exposed population will include those with adventitious hearing loss as well as those with noise related loss. '3 The age related hearing loss accounted in the present study for an average of 7 3 dB. When, based on this data, the noise induced hearing loss was calculated, the measured noise induced hearing loss (19 2 dB) was close to that predicted from Robinson's model (17-8 dB) . In risk assessment based on Robinson's model we used a median percentile criterion that gives the risk of hearing impairment expressed as percentage of population exceeding the specified hearing threshold. The amount of age correction differs in the available models for SNHL-for example, the ISO standard proposal would give on average 3-5 dB greater age correction for a population with a mean age of 43 than Robinson's model does.'4 The variance caused by risk factors cannot be eliminated by more severe age correction.
EFFECT OF AGING ON NOISE INDUCED HEARING LOSS
In the present study age, according to linear regression analysis, accounted for 25% ofthe variance at 4000 Hz but there is no indication that age should be construed as a cause of sensorineural hearing impairment. More probably, as individuals get older they will have been exposed to, or suffered from, factors responsible for such impairment. '5 The hearing loss caused by aging is gradual and forms a part of the progressive functional deterioration associated with the degeneration of sensory organs.'6 17 Several factors have been suspected as contributory factors to presbycusis, including hypertension, diet, drugs, and exposure to social noise.' [18] [19] [20] [21] [22] In the present study the age of the workers had a high correlation with factors provoking SNHL. Thus exposure to noise could explain 25% of the variance of age related SNHL. LDL-cholesterol was significantly correlated with age, as was antihypertensive treatment and VWF. The older subjects suffered more often from pain than did the younger and consequently used more salicylates. Thus presbycusis is contaminated by several factors each of which impedes hearing, but through somewhat different mechanisms. The histopathological findings presented by Schuknecht'7 may all be caused by these different, age related environmental confounding factors. Based on the present study we tend to disregard age as the primary reason for hearing impairment in modern society.
INTERACTION OF NOISE AND VIBRATION
The forest workers in the present study were exposed to noise of LAeq97-102 dB and weighted vibration of 2-18 m/s2 in their work.5 We were unable to confirm that combined exposure to noise and hand/arm vibration generates more SNHL than exposure to noise alone. So far, relatively few studies have considered the combined effects of noise and vibration. One study on tractor drivers showed more SNHL than could be predicted on the basis of the drivers' exposure to noise.23 This was assumed to be the consequence of exposure to vibration. A hazardous interaction between noise and vibration has also been proposed by Taniewski and Banaszkiewics2' who found a connection between VWF and SNHL, but there was no conclusive evidence for an interaction between hand/ arm vibration and aggravated SNHL. Moreover, in the present study we found that Robinson's model for SNHL estimated rather accurately the measured SNHL, when the effect of age and exposure to noise, including the protection efficiency of earmuffs, were considered in the calculation.
EFFECT OF VWF AND SNHL
In previous studies we5 6 8 9 
